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REACTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.
§119 of European Patent Application No. 13 001 171.1, filed
Mar. 8, 2013, the disclosure of which is expressly incorpo-
rated by reference herein in its entirety.

BACKGROUND OF THE EMBODIMENTS

1. Field of the Invention

Embodiments of the invention relate to a reactor with at
least one wall section bounding an interior space. The wall
section is provided with a lining on its inner surface facing
the interior space.

2. Discussion of Background Information

In a reactor of the type generally discussed above, chemi-
cals that are to react with one another can be stored in the
interior space. However, a reactor can also to be understood
as an arrangement through which the chemicals are con-
ducted, e.g., in the form of a liquid and/or gaseous stream.
The term “reactor” thus can also include a column and a
container here.

The wall section forms a part of a wall which bounds the
interior space. The wall section can also form the entire wall.
The wall section provides a mechanical stability so that the
forces produced during the through-conducting of the
chemicals or during the storage of the chemicals, possibly
during an occurring reaction, can be absorbed by the wall
section.

For many chemicals, however, there is the risk that they
attack the material from which the wall section is formed,
for example, by corrosion. In this case, a lining is necessary
which separates the interior space from the inner surface of
the wall section and thus protects the interior space. The
lining is resistant against the chemicals provided.

If the lining is formed from an expensive material, it is
desirable to make the lining as thin as possible. The thick-
ness of the lining is then adapted to the protection of the
material of the wall section. This is unproblematic as long as
the interior space is under atmospheric pressure or under an
excess pressure. An excess pressure is absorbed by the wall
section when the lining is pressed against the wall section by
the excess pressure.

However, a problem arises when a reduced pressure, that
is, a pressure below the pressure of the atmosphere, occurs
in the interior space. In this case, the lining can be pulled off
of'the inner surface. Mechanical stresses for which the lining
is not designed are often hereby produced. The lining is then
damaged such that the protective effect is no longer ensured
and the wall section is attacked by the chemicals.

A connection between the lining and the wall section, for
example, by soldering, requires a relatively large amount of
work. Another type of connection, such as explosive clad-
ding, requires a relatively large amount of lining material
and is therefore likewise relatively expensive.

SUMMARY OF THE EMBODIMENTS

Embodiments of the invention are directed to a reactor
suitable for a reduced pressure in the interior space.

According to embodiments, a reactor of the type named at
the outset includes at least one fluid connection to which a
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reduced pressure can be applied that runs through the wall
section, which connection opens between the inner surface
and the lining.

A reduced pressure is applied to the fluid connection
during operation of the reactor, for example, by connection
to a “vacuum pump.” The reduced pressure propagates
through the fluid connection into the gap between the inner
surface and the lining and can then spread further in the gap
between the inner surface and the lining. The negative
pressure between the inner surface and the lining opposes a
potential reduced pressure or negative pressure in the inte-
rior space and prevents the lining from being pulled away
from the inner surface of the wall section. The negative
pressure applied to the fluid connection does not even need
to be controlled in a very precise manner. If the negative
pressure at the fluid connection is greater than (or approxi-
mately equal to) the negative pressure in the interior space,
then the lining is pressed against the wall section as a result
of the pressure difference, which is harmless because the
wall section can absorb the forces produced thereby without
a problem.

Preferably, the lining bears against the inner surface. Even
when the lining and the wall section bear against one another
with a relatively precise fit, there always remains an
adequate path through which the negative pressure can
spread in the entire region between the lining and the wall
section, even if no actual gap is present here. The roughness
of the inner surface and/or the roughness of the side of the
lining facing the inner surface is frequently sufficient to
provide the necessary path for the negative pressure.

In a preferred embodiment, it is provided that the inner
surface and the lining respectively have a cylinder shape.
The inner surface and the lining are thus closed in a
circumferential direction. The negative pressure, which is
produced through the fluid connection in the region between
the lining and the inner surface, can thus spread in a
circumferential direction and ensure that the lining is always
secured on the wall section over the entire circumference.

Here, it is preferred that the cylinder shape has a circular
cross section. The wall section and the lining thus form a
circular cylinder, which has the advantage that no impeding
corners and edges occur here.

Preferably, the lining has a thickness of maximally 1 mm.
The lining thus has a very low mechanical stability. The
thickness is sufficient to protect the inner surface of the wall
section from the chemicals in the interior space. A greater
mechanical stability is also not required. Even a smaller
thickness, for example 0.7 mm, is sufficient in many cases.
With greater pressures in the interior space, the lining is
pressed against the inner surface of the wall section. In the
case of reduced pressures in the interior space, the negative
pressure between the wall section and the lining secures the
lining on the inner surface of the wall section.

Preferably, the lining has tantalum or a tantalum alloy
(hereinafter referred to as “tantalum” in short) as a main
component. Tantalum is sufficiently resistant against most
chemicals. However, tantalum is relatively expensive so that
the costs for the reactor can be kept within acceptable limits
via a lower thickness of the tantalum lining, which can also
be referred to as a “liner.”

Preferably, the lining has at least two parts that are
connected to one another by a connection seam. The fluid
connection is arranged in the region of the connection seam.
The negative pressure that is applied to the fluid connection
can then propagate along the connection seam. Here, a
somewhat larger clear cross section than in other regions
between the inner surface and the lining is often available.
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Here, it is preferred that the connection seam is embodied
or formed as a weld seam. Two parts of the lining can then
be welded to one another in order to seal the connection
seam against the chemicals.

Here, it is preferred that a protective strip is arranged
between the connection seam and the inner surface. In
particular, when the lining is formed from a material such as
tantalum as a main component, relatively high temperatures
arise during the welding so that there exists the danger of the
wall section being damaged during the production of the
connection seam. This damage is prevented by a protective
strip with high reliability.

This applies in particular when the protective strip is
formed from the same material as the lining. If, for example,
a lining having tantalum as a main component is used, then
a protective strip having tantalum as a main component can
also be used. Even if an additional connection between the
two parts of the lining that are to be connected and the
protective strip results during the production of the connec-
tion seam, the wall section is not affected.

Preferably, the linings and/or the wall section have a
shaping in the region of the connection seam that forms a
hollow space in which the protective strip is arranged.
Among other things, this has the advantage that the protec-
tive strip can be held in position when the two parts of the
lining are joined together. Thus, it is possible to ensure that
the protective strip is located in the proper place when the
connection seam is produced.

Here, it may be preferred that the protective strip has a
distance from at least one boundary wall of the hollow
space. This distance or gap further facilitates the spreading
of the negative pressure from the fluid connection. Thus, a
very uniform application of negative pressure to the lining
from the inner surface of the wall section is achieved so that
the risk of the lining being moved away from the wall
section remains exceptionally small. As a result, the risk of
damage to the lining is kept very small.

Embodiments of the invention are directed to a reactor
that includes at least one wall section having an inner surface
bounding an interior space, a lining arranged on the inner
surface of the at least one wall to face the interior space, and
at least one fluid connection, to which a negative pressure is
appliable, that is structured to run through the at least one
wall section to open into a space between the inner surface
and the lining.

According to embodiments, the lining, under an applied
negative pressure via the at least one fluid connection, can
bear against the inner surface.

In accordance with embodiments, the inner surface and
the lining may have cylinder shapes. Further, the cylinder
shape can have a circular cross-section.

According to other embodiments of the invention, the
lining can have a maximum radial thickness of 1 mm.

In embodiments, the lining may include tantalum. Further,
tantalum can be a main component of the lining.

In accordance with still other embodiments, the lining
may include at least two parts connected to one another by
a connection seam. The fluid connection may be arranged in
a region of the connection seam. Further, the connection
seam can include a weld seam. Moreover, a protective strip
can be arranged between the connection seam and the inner
surface. The protective strip can be formed from a same
material as the lining. At least one of the lining and the at
least one wall section in a region of the connection seam
may include a shaping structured to form a hollow space in
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which the protective strip is arranged. The protective strip
can be arranged at a distance from at least one boundary wall
of the hollow space.

Embodiments of the invention are directed to a method of
forming a reactor. The method includes inserting a lining
into an interior space bounded by at least one wall section
having an inner surface, so that the lining is arranged on the
inner surface of the at least one wall to face the interior
space, and applying a negative pressure to a space between
the inner surface and the lining via at least one fluid
connection running through the at least one wall section.

According to embodiments, the lining can include tanta-
lum. Further, the lining can have a maximum radial thick-
ness of 1 mm.

In accordance with still yet other embodiments of the
present invention, the lining can include at least two parts
and the method may also include connecting the at least two
parts to one another by a connection seam. Moreover, before
connecting the at least two parts to one another, the method
can include arranging a protective strip between the inner
surface and a location for the connection seam. The method
can also include forming a shaping in at least one of the
lining and the at least one wall section in a region of the
location for the connection seam to form a hollow space, and
arranging the protective strip in the hollow space.

Other exemplary embodiments and advantages of the
present invention may be ascertained by reviewing the
present disclosure and the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further described in the detailed
description which follows, in reference to the noted plurality
of drawings by way of non-limiting examples of exemplary
embodiments of the present invention, in which like refer-
ence numerals represent similar parts throughout the several
views of the drawings, and wherein:

FIG. 1 shows a schematic cross section through a reactor;
and

FIG. 2 shows a section II-II according to FIG. 1.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The particulars shown herein are by way of example and
for purposes of illustrative discussion of the embodiments of
the present invention only and are presented in the cause of
providing what is believed to be the most useful and readily
understood description of the principles and conceptual
aspects of the present invention. In this regard, no attempt is
made to show structural details of the present invention in
more detail than is necessary for the fundamental under-
standing of the present invention, the description taken with
the drawings making apparent to those skilled in the art how
the several forms of the present invention may be embodied
or formed in practice.

A reactor 1, which is schematically illustrated in cross-
section in FIG. 1, has a cylindrical wall 2 with an inner
surface 3 that bounds an interior space 4. In the present
illustrated embodiment, wall 2 is embodied or formed con-
tinuously in a circumferential direction, however, this
arrangement is not absolutely necessary. That is, in place of
a wall 2 that is continuous in a circumferential direction, it
is also possible to use a different reactor in which only a wall
section is provided.
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Wall 2 is embodied or formed, e.g., from a steel, such as
stainless steel. Wall 2 has a mechanical stability sufficient to
absorb forces that are produced, e.g., by pressures or flows,
in interior space 4.

Reactor 1 can also be referred to as a “column” or
“container.”

If liquids or gases that can attack or even destroy wall 2
are present in the interior space 4, it is normally necessary
to provide a lining or liner 5 between interior space 4 and
inner surface 3. In FIG. 1, lining 5 has been depicted in an
exaggeratedly thick manner for ease is illustration and
explanation. However, when viewed relative to the thickness
of wall 2, lining 5 has a significantly smaller thickness. In
this regard, the thickness of lining 5 can be in the order of
magnitude of, e.g., 1 mm or less.

Similar to wall 2, lining 5 is embodied or formed as a
circular cylinder in the present exemplary embodiment, i.e.,
it forms a hollow cylinder with a circular cross section.

Lining 5 is formed as a molded part, the outer diameter of
which is adapted to the inner diameter of wall 2. Thus, lining
5 can slide into wall 2 with very little play. Although lining
5 then bears against inner surface 3, so that it is pressed
against inner surface 3 of wall 2, when pressures occur in
interior space 4, a deformation of lining 5 is not associated
therewith.

In the present exemplary embodiment, two fluid connec-
tions 6 are guided through wall 2, which are connected to a
negative pressure production device (or “vacuum pump,” for
short) 7 that is only illustrated schematically. Of course, it is
also possible to use only one single negative pressure
production device 7 and connect this device to multiple fluid
connections 6 via suitable lines 8. The two fluid connections
6 can be distributed in a circumferential direction. Multiple
fluid connections 6 can also be provided in the longitudinal
direction of wall 2, i.e., perpendicular to the drawing plane
of FIG. 1. Each fluid connection 6 supplies a “negative
pressure region.” One or more negative pressure regions can
be sealed against the outside, possibly also in groups.

Fluid connection 6 opens at inner surface 3, so as to open
into a space or region between inner surface 3 and lining 5.

Even if lining 5 rests in or on wall 2 in a precisely fitting
manner or with little play, the negative pressure that is
produced at fluid connections 6 has the possibility of spread-
ing over the entire circumference of lining 5 and in the
longitudinal direction of wall 2, e.g., via an unavoidable
roughness of inner surface 3 of wall 2 and/or a correspond-
ing roughness of the outer surface of lining 5. Since essen-
tially only one pressure must propagate, yet larger fluid
streams are avoided, the negative pressure can also propa-
gate when lining 5 bears against inner surface 3.

Negative pressure production devices 7 can be operated
with a constant negative pressure without difficulty. If the
pressure produced by negative pressure production devices
7 is absolutely lower than the pressure in interior space 4,
then the pressure in interior space 4 presses lining 5 against
inner surface 3 of wall 2 so that the same conditions are
produced as in the case of an excess pressure in interior
space 4. If the pressures in interior space 4 and at negative
pressure producing device 7 are equal, lining 5 is kept
bearing against inner surface 3 of wall 2 by its inherent
stiffness. Thus, as long as the pressure in interior space 4 is
not lower than the pressure of negative pressure production
devices 7, lining 5 continues to bear against inner surface 3
of wall 2 so that a deformation of lining 5 can be reliably
prevented.

A reactor illustrated in FIG. 1 often has a length, which is
perpendicular to the drawing plane in FIG. 1, of several
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meters. In many cases, it is not possible to produce such a
lining 5 with a corresponding length.

For this reason, lining 5 can be formed from at least two
parts 9, 10 which are connected to one another by a weld
seam 11 as a connection seam.

Lining 5, and therefore its parts 9, 10, have tantalum as a
main component. In tantalum welding, relatively high tem-
peratures in the order of 3,000° C. are required.

It can be recognized in FIG. 2 that fluid connection 6 is
arranged in the region of weld seam 11. However, it is not
required that fluid connection 6 covers weld seam 11. The
possible distance between fluid connection 6 and weld seam
11 results from the following explanation.

In order to protect wall 2 from damage during welding, a
protective strip 12 is arranged between wall 2 and weld seam
11. Protective strip 12 is formed from the same material as
lining 5. Therefore, it is indeed possible to accept that a
connection of the two parts 9, 10 to protective strip 12 also
occurs during the production of weld seam 11, but an
impingement or damaging of wall 2 does not occur.

Moreover, it is possible to use fluid connection 6 when
producing the welded connection in order to introduce a
shielding gas, such as argon.

In order to accommodate protective strip 12, the two parts
9, 10 have respectively a shaping 13, 14 which, together
with wall 2, form a hollow space 15 in which protective strip
12 is arranged. Hollow space 15 keeps protective strip 12 in
the desired position.

It is of course also possible that hollow space 15 is
arranged in wall 2. For this purpose, wall 2 can have
corresponding shapings. Hollow space 15 can also be
formed by shapings in both wall 2 and lining 5, e.g., on the
parts 9, 10.

It can be recognized that protective strip 12 does not
completely fill hollow space 15, so that a gap 16 remains
which is formed by a distance between the boundary wall of
hollow space 15, which is formed by part 9 of lining 5, and
protective strip 12, and through which fluid from fluid
connection 6 can flow. Because gap 16 runs continuously in
a circumferential direction, negative pressure can spread in
a relatively quick and unimpeded manner through gap 16 in
a circumferential direction. From gap 16, the negative
pressure can then further spread in an axial direction of inner
surface 3, i.e., the longitudinal direction of wall 2, so that
lining 5 can be retained on inner surface 3 with the necessary
reliability.

Multiple fluid connections 6 can be arranged along the
longitudinal extension of wall 2 in order to design the
negative pressure supply between inner surface 3 and lining
5 more uniformly over the length of reactor 1 or the column.

The arrangement operates in a self-regulating manner, as
it were. If lining 5 is slightly pulled off of inner surface 3 of
wall 2 by a negative pressure in interior space 4, negative
pressure fed by fluid connection 6 can immediately propa-
gate thereto and once again bring lining 5 to bear against
inner surface 3. In this manner, a significant deformation of
lining 5 that could lead to damage is avoided with high
reliability.

It is noted that the foregoing examples have been pro-
vided merely for the purpose of explanation and are in no
way to be construed as limiting of the present invention.
While the present invention has been described with refer-
ence to an exemplary embodiment, it is understood that the
words which have been used herein are words of description
and illustration, rather than words of limitation. Changes
may be made, within the purview of the appended claims, as
presently stated and as amended, without departing from the
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scope and spirit of the present invention in its aspects.
Although the present invention has been described herein
with reference to particular means, materials and embodi-
ments, the present invention is not intended to be limited to
the particulars disclosed herein; rather, the present invention
extends to all functionally equivalent structures, methods
and uses, such as are within the scope of the appended
claims.

What is claimed:

1. A reactor comprising:

at least one wall section having an inner surface bounding
an interior space;

a lining arranged on the inner surface of the at least one
wall to face the interior space, wherein the lining
comprises at least two parts connected to one another
by a connection seam; and

at least one fluid connection, which is connected to a
negative pressure production device, being structured
to run through the at least one wall section in a region
of'the connection seam to open into a space between the
inner surface and the connection seam.

2. The reactor according to claim 1, wherein the lining,
under an applied negative pressure via the at least one fluid
connection, bears against the inner surface.

3. The reactor according to claim 1, wherein the inner
surface and the lining have cylinder shapes.

4. The reactor according to claim 3, wherein the cylinder
shape has a circular cross-section.

5. The reactor according to claim 1, wherein the lining has
a maximum radial thickness of 1 mm.

6. The reactor according to claim 1, wherein the lining
comprises tantalum.

7. The reactor according to claim 6, wherein tantalum is
a main component of the lining.

8. The reactor according to claim 1, wherein the connec-
tion seam comprises a weld seam.

9. The reactor according to claim 1, further comprising a
protective strip arranged between the connection seam and
the inner surface.

10. The reactor according to claim 9, wherein the protec-
tive strip is formed from a same material as the lining.

11. The reactor according to claim 9, wherein at least one
of the lining and the at least one wall section in a region of
the connection seam comprise a shaping structured to form
a hollow space in which the protective strip is arranged.

12. The reactor according to claim 11, wherein the pro-
tective strip is arranged at a distance from at least one
boundary wall of the hollow space.

13. A method of forming a reactor comprising:

inserting a lining, which comprises at least two parts, into
an interior space bounded by at least one wall section
having an inner surface, so that the lining is arranged on
the inner surface of the at least one wall to face the
interior space,

connecting the at least two parts to one another by a
connection seam; and

applying a negative pressure to a space between the inner
surface and the lining connection seam via at least one
fluid connection running through the at least one wall
section in a region of the connection seam.

14. The method according to claim 13, wherein the lining

comprises tantalum.

15. The method according to claim 14, wherein the lining
has a maximum radial thickness of 1 mm.

16. The method according to claim 13, wherein, before
connecting the at least two parts to one another, the method
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further comprises arranging a protective strip between the
inner surface and a location for the connection seam.

17. The method according to claim 16, further compris-
ing:

forming a shaping in at least one of the lining and the at

least one wall section in a region of the location for the
connection seam to form a hollow space; and
arranging the protective strip in the hollow space.

18. A reactor comprising:

at least one wall section having an inner surface bounding

an interior space;

a lining arranged on the inner surface of the at least one

wall to face the interior space;

at least one fluid connection, to which a negative pressure

is appliable, is structured to run through the at least one
wall section to open into a space between the inner
surface and the lining, wherein the lining comprises at
least two parts connected to one another by a connec-
tion seam and the at least one fluid connection is
arranged in a region of the connection seam; and

a protective strip arranged between the connection seam

and the inner surface,

wherein at least one of the lining and the at least one wall

section in a region of the connection seam comprise a
shaping structured to form a hollow space in which the
protective strip is arranged, and the protective strip is
arranged at a distance from at least one boundary wall
of the hollow space.

19. The reactor according to claim 18, wherein the lining,
under an applied negative pressure via the at least one fluid
connection, bears against the inner surface.

20. The reactor according to claim 18, wherein the inner
surface and the lining have cylinder shapes.

21. The reactor according to claim 20, wherein the cyl-
inder shape has a circular cross-section.

22. The reactor according to claim 18, wherein the lining
has a maximum radial thickness of 1 mm.

23. The reactor according to claim 18, wherein the lining
comprises tantalum.

24. The reactor according to claim 23, wherein tantalum
is a main component of the lining.

25. The reactor according to claim 18, wherein the con-
nection seam comprises a weld seam.

26. The reactor according to claim 18, wherein the pro-
tective strip is formed from a same material as the lining.

27. A method of forming a reactor comprising:

inserting a lining into an interior space bounded by at least

one wall section having an inner surface, so that the
lining is arranged on the inner surface of the at least one
wall to face the interior space,

wherein the lining comprises at least two edges connected

to one another by a connection seam, wherein at least
one of the lining and the at least one wall section
comprises, in a region of the connection seam, a
shaping forming a hollow space between the lining and
the at least one wall section, and wherein the at least
one connection is arranged in a region of the hollow
space;

arranging a protective strip in the hollow space between

the connection seam and the inner surface and at a
distance from at least one boundary wall of the hollow
space; and

applying a negative pressure to the hollow space between

the inner surface and the lining via at least one fluid
connection running through the at least one wall sec-
tion.



